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THIN FILM TRANSISTOR, CIRCUIT APPARATUS 
AND LIQUID CRYSTAL DISPLAY 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[000 1] The present invention relates to a thin film transistor, a circuit 
apparatus including the thin film transistor, a liquid crystal display including the 
thin film transistor, and a liquid crystal display including the circuit apparatus. 

Description of Prior Art 

[0002] A thin film transistor (referred to as "TFT" hereinafter) is used as, for 
example, a switching device for a pixel of a hquid crystal display, a component 
device for a peripheral circiiit apparatus and so forth. 

[0003] The TFT includes an active layer made of a one conductive type formed 
semiconductor. This active layer includes a source region as well as a drain 
region, both of which are formed by doping a part of the semiconductor of the 
active layer with high concentrated impurities. A gate electrode is formed above 
or below a channel region with a gate insulating film interposed therebetween, 
the channel region being located between these source and drain regions. 
[0004] As the active layer, for example, an n-channel type polycrystalUne 
silicon film (PolySi film) is used. 

[0005] So far, when forming a pluraUty of TFTs including an active layer 
having a source region and a drain region, on a sheet of substrate, there has been 
caused such a problem that the electrical properties of each TFT becomes uneven 
due to the difference in the grain size and the plane direction in each grain in the 
active layer. Accordingly, as a means of solving this problem, it is required to 
enlarge the grain size. 

[0006] With regard to a method of enlarging the grain size in a semiconductor 
layer directly or indirectly formed on a sheet of substrate, some reports have been 
already made(e.g., see to Non-Patent Document l). However, it is not possible to 
control the crystal orientation in the in plane direction of the semiconductor layer 
by means of these techniques as disclosed. 

[0007] There are some reports reporting that unevenness in the electrical 
property of a circuit apparatus including TFTs depends on the aforesaid crystal 
orientation (e.g., see Non-Patent Document 2 as shown later). This will be 
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described referring to Fig. 15. 

[0008] Fig. 15 is a schematic plan view for indicating an example of grains and 
grain boundaries in an active layer made of semiconductor in a prior art TFT. 
[0009] In Fig. 15, there is shown a part of a semiconductor film in which, 100 
denotes a grain of semiconductor, 101 a grain boundary, 102 an active layer, and 
103 the flow direction of electric current flowing in the active layer 102, 
respectively. The active layer 102 is a layer made of one conductive type formed 
semiconductor. 

[00 10] The electrical property of the TFT varies depending on the number of 
the grains 100 or grain boundaries 101 in the active layer 102. When the electric 
ciu*rent flows in the direction as shown by an arrow 103 passing through the 
active layer 102 including a lot of grain boundaries 101, the number of times the 
electric current goes across the grain boundaries 101 varies firom TFT to TFT. 
Accordingly, there is caused such a problem that the electrical property of each^ 
TFT formed on a sheet of substrate can not become uniform. 

[0011] In case of forming a TFT including such an active layer that is formed 
by using a part of the aforesaid Poly-Si film as the active layer 102, as it is not 
possible to control the crystal orientation of each silicon grain 100 in the active 
layer, it is so difficult to reduce the unevenness in the electrical property due to 
the different plane direction. Especially, when the channel length is small, as 
the occupation rate that one grain 100 occupies the active layer 102 becomes large, 
there is caused such a problem that it is not possible to lessen the unevenness in 
the electrical property of the prior art TFT. 

[0012] Furthermore, there are some papers reporting that the unevenness in 
the electrical property of each TFT Uke this is caused by that the grain boundary 
101 forms a high potential barrier height in the active layer 102 made of 
polycrystalUne silicon, thereby lowering the field-effect mobility of the TFT (e.g., 
see Non-Patent Document 3). 

[0013] The grain boundary 101 standing in the direction crossing the moving 
direction of electron or hole as a carrier of electric charge and the grain boundary 
101 standing in the almost same direction as the moving direction give different 
influence to the electrical property of the TFT, respectively. 

[0014] As a result, even if the TFT is formed on an identical substrate, there is 
caused such a problem that the electrical property of the TFT becomes different. 
[0015] Non-Patent Document 1- Masakiyo Matsumura "Preparation of 
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Ultra-Large Grain Silicon Thin- Films by Excimer-Laser" (Joxirnal of The Surface 
Science Society of Japan, "Surface Science," Vol. 21, No. 5, pp. 278-287 (pp. 34-43), 
2000, The Surface Science Society of Japan). 

Non-Patent Document 2- Bernd Goebel et al., Electron Devices, IEEE 
Transactions, Vol. 48, No. 5, pp.897-905. May 2001. 

Non-Patent Document 3- Levinson et al.. Journal of Applied Physics, 
Vol. 53, No. 2, pp. 1193-1202, February 1982. 

Non-Patent Document 4- Research And Development Association For 
Future Electron Devices Incorporated Foundation, "Research And Development 
Project on Three-Dimension Integrated Circxut," pp. 87-104, October 23, 1991. 

SUMMARY OF THE INVENTION 
[0016] An object of the invention is to provide a TFT, a circuit apparatus 
including the TFT, a hquid crystal display including the TFT, and a liquid crystal 
display including the circuit apparatus, the unevenness in the electrical property 
of all the above-mentioned TFTs being made less. 

[0017] A semiconductor device according to the invention includes a substrate; 
a one conductive type semiconductor layer provided on the substrate and having a 
sectorial or trapezoidal shape of which an opening angle is 20 degrees or more; 
and a transistor provided on the one conductive type semiconductor layer. 
According to the invention, there becomes small the unevenness in the field-effect 
mobihty of the transistor. 

[0018] A TFT according to the invention includes a one conductive type 
semiconductor layer; a source region and a drain region which are separately 
provided in the semiconductor layer; and a gate electrode provided above or below 
the semiconductor layer with an insulating film interposed therebetween, 
wherein the width of the junction face between the source region and a channel 
region that is provided between the source region and the drain region, is 
different from the width of the junction face between the channel region and the 
drain region. 

[0019] According to the invention, it is possible to obtain such an effect that 
the unevenness in the field-effect mobility of the TFT becomes small. 
[0020] It is preferable that the semiconductor layer has an approximately 
trapezoid or approximately sector plane shape. 

[0021] It is preferable that the trapezoid or sector plane shape has an opening 
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angle of 20 degrees or more. In the trapezoid, the opening angle is an angle 
made by two non-parallel lines. 

[0022] It is preferable that the semiconductor layer includes one or more grain 
boundaries, which extend in the direction from the source region to the drain 
region or from the drain region to the source region of the semiconductor layer. 
[0023] It is preferable that the semiconductor layer includes two or more grain 
boundaries, each of which extends in the direction from the source region to the 
drain region or from the drain region to the source region of the semiconductor 
layer and also, each of which extends in the in-plane direction of the 
semiconductor layer in correspondence with the opening angle of the trapezoid or 
sector. 

[0024] It is preferable that the semiconductor layer includes two or more grain 
boundaries, each of which extends in the direction from the source region to the 
drain region or from the drain region to the soxirce region of the semiconductor 
layer, and also, two grain boundaries adjacent to each other extend in the in-plane 
direction of the semiconductor layer with an opening angle. 

[0025] It is preferable that the semiconductor layer includes two or more grain 
boundaries, each of which extends in the direction from the source region to the 
drain region or from the drain region to the source region of the semiconductor 
layer, and also, two grain boundaries adjacent to each other are in parallel with 
the in-plane direction of the semiconductor layer. 

[0026] It is preferable that the difference between two angles is 20 degrees or 
more, one of the two angles being an angle made by one imaginary line connecting 
the middle position of the width of the junction face between the channel region 
and source region with the middle position of the width of the junction face 
between the channel region and the drain region and the other imaginary line 
extending in the extending direction of the grain boundary, and the other angle 
being an opening angle defined by the width of the junction face between the 
channel region and the source region and the width of the junction face between 
the channel region and the drain region. 

[0027] A circuit apparatus according to the invention includes a substrate; a 
TFT formed directly or indirectly on the substrate, the TFT being of N type; and a 
TFT formed directly or indirectly on the substrate, the TFT being of P-type, 
wherein the TFT of N-type and the TFT of P-type are arranged to take 
point-symmetrical positions, respectively. 
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[0028] A liqxiid crystal display according to the invention includes the 
aforesaid TFT. 

[0029] The other crystal liquid display according to the invention includes the 
aforesaid circuit apparatus. 

[0030] The other circuit apparatus includes a substrate; a semiconductor film 
having a lot of grain boundaries and provided on the substrate; and a TFT which 
is formed in the semiconductor film, and in which electric current flows in parallel 
with the direction of one of the grain boundaries. 

[0031] The other circuit apparatus includes a substrate; a semiconductor film 
provided on the substrate and having a lot of grain boundaries; and a plurality of 
TFTs which are formed in the same crystal orientation of the semiconductor film 
and in which electric current flows in parallel with the direction of each of the 
grain boundaries. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings^ 

Fig. 1 shows the schematic constitution of a TFT and another TFT according 
to the embodiment 1 of the invention, wherein (a) indicates a plan view showing 
the schematic constitution of a TFT according to the embodiment 1 of the 
invention, (b) indicates a sectional view of (a), (c) indicates a plan view showing 
the schematic constitution of another TFT according to the embodiment 1, and (d) 
indicates a sectional view of (c). 

Fig. 2 shows an illustration for explaining an experiment carried out to 
examine a relation between an angle as made by the center axis and the (00 1) 
direction of the sectorial crystal in a circular semiconductor film and the change of 
the field-effect mobility when varying the opening angle of the sector. 

Fig. 3 is a graph showing the orientation dependence of the field-effect 
mobility as obtained from the experiment as explained in connection with Fig. 2, 
wherein there is shown the relation between the orientation of the center axis A of 
the sectorial crystal and the relative mobiUty at an opening angle 0 of the sectorial 
shape. 

Fig. 4 is a schematic plan view showing the schematic shape of an active 
layer according to the embodiment 1 and the opening angle of the sector. 

Fig. 5 shows illustrations of grain boundaries, wherein (a) through (d) are 
schematic plan views showing grain boundaries in respective active layers. 
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Fig. 6 shows illustrations of circxilar semiconductor films, wherein (a) is a 
schematic plan view showing a circxilar semiconductor film including radially 
extending grain boundaries and (b) is a schematic plan view showing an example 
of arrangement of the active layer in the circular semiconductor film. 

Fig. 7 is a schematic plan view showing TFTs according to the embodiment 

1. 

Fig. 8 shows illustrations of the manufacturing process of the TFT according 
to the embodiment 1, wherein (a) through (g) are schematic sectional views 
showing the manufacturing process of the TFT according to the embodiment 1. 

Fig. 9 shows illustrations of the manufacturing process of the TFT according 
to the embodiment 1, wherein (h) through (o) are schematic sectional views 
showing the manufacturing process of the TFT according to the embodiment 1. 

Fig. 10 shows illustrations of the manufacturing process of the TFT 
according to the embodiment 1, wherein (p) through (u) are schematic sectional 
views showing the manufactxiring process of the TFT according to the 
embodiment 1. 

Fig. 11 shows illustrations of a complementary type circuit apparatus 
according to the embodiment 2 of the invention, wherein (a) is a plan view 
showing the complementary type circuit apparatus according to the embodiment 2 
of the invention and (b) is a circuit diagram thereof. 

Fig. 12 shows illustrations of the manufacturing process of a complementary 
type circuit apparatus according to the embodiment 2 of the invention, wherein (a) 
and (b) are schematic sectional views showing the manufacturing process of the 
complementary type circuit apparatus according to the embodiment 2 of the 
invention. 

Fig. 13 shows illustrations of the embodiment 3 according to the invention, 
wherein (a) is a schematic perspective view indicating a laser irradiation method 
different from Fig. 8(c), and (b) is a schematic plan view showing the grain 
resulting from the above method according to the embodiment 3 of the invention. 

Fig. 14 shows illustrations of long and slender grains, wherein (a) is a 
schematic plan view showing long and slender grains in which a plurality of grain 
boundaries extend in parallel, (b) is a schematic plan view showing various 
examples on the arrangement of the active layer in long and slender grains. 

Fig. 15 is a schematic plan view for explaining an example of grains and 
grain boundaries in the active layer made of semiconductor in a prior art TFT. 
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PREFERRED EMBODIMENT OF THE INVENTION 
[0032] Some embodiments of the invention will now be described in detail 
with reference to the accompanying drawing. In the figures referred to for 
explanation of the invention, a thing having like function is denoted with a Uke 
numeral or sign and the repetitive explanation thereabout will be omitted. 
[0033] An active layer formed to decrease the unevenness in the electrical 
property of a TFT depending on the plane direction of the semiconductor of which 
the active layer made, has an approximately trapezoid (referred to as 
"trapezoidal" hereinafter) plane shape or an approximately sector (referred to as 
"sectorial" hereinafter) plane shape. A semiconductor layer as formed such that 
an opening angle of the trapezoidal or sectorial shape exceeds a certain angle, has 
an advantage in that there are averaged various plane direction of crystals or 
grains in the semiconductor. "Opening angle" of aforesaid trapezoid indicates an 
angle made by two non-parallel straight lines thereof. 

[0034] When using a part of a polycrystalline silicon film including large 
grains as well as radially extending grain boundaries, for example, a part of a flat 
circular polycrystalline silicon film as the active layer, for example, the following 
advantage is attainable. As will be described later, by forming an N-type TFT in 
the first sectorial active layer and forming a P"type TFT in the second sectorial 
active layer to make them be point-symmetricallj^ arranged within a one grain so 
as to relatively face to each other, it becomes possible to make up a 
complementary type circuit apparatus (referred to as "CMOS apparatus" 
hereinafter) having more excellent complementarity comparing with the prior art 
one. TFTs, CMOS apparatuses, diodes, transistors and so forth may be formed in 
the trapezoidal or sectorial semiconductor layer. 

[0035] The relation between the opening angle of the aforesaid sector and the 
aforesaid mobility has been examined referring to the study on the plane direction 
of the semiconductor crystal and the field-effect mobility, which is disclosed in the 
non*patent document 2. 

[0036] Fig. 2 shows an illustration for explaining an experiment carried out to 
examine a relation between an angle as made by the center axis and the (001) 
direction of the sectorial crystal and the change of the field-effect mobility when 
varying the opening angle of the sector, in letting a apart of the semiconductor 
such as the aforesaid polycrystalline silicon film the active layer. 
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[0037] In Fig. 2, 1 indicates an approximately circle (referred to as "circular" 
hereinafter) semiconductor film, 2 a sectorial crystal, A the center axis of a 
sectorial crystal, B (001) direction, 0 the opening angle of the sector, and C an 
angle made by the center axis A of the sectorial crystal and the (001) direction B. 
[0038] Fig. 3 is a graph showing the orientation dependence of the field-effect 
mobility as obtained fi-om the aforesaid experiment. There is shown the relation 
between the orientation of the center axis A of the sectorial crystal and the 
relative mobiUty at an opening angle 6 of the sector. 

[0039] As shown in Fig. 3, when the opening angle 0 of the sector (Fig. 2) is 
large, unevenness of the aforesaid mobility is small. That is, when the center 
axis A of the sectorial crystal (Fig. 2) deviates firom the (001) direction B, there is 
hardly seen difference in the aforesaid mobility. Besides, when letting the center 
axis A of the sectorial crystal be the (001) direction B, if the other direction is 
included, the unevenness becomes small. As will be understood fi-om Fig. 3, 
unevenness of the aforesaid mobihty is in the range of approximately 5% or less 
when letting the opening angle 0 of the sector be 20 degrees or more. 
[0040] That is, when the active layer in which the TFT is formed has a 
sectorial shape of which the opening angle 0 is 20 degrees or more, unevenness in 
the mobility of the electrical property of the TFT is adequately small even if there 
is unevenness in the crystal orientation of the semiconductor (e.g., silicon,) in the 
active layer. 

[0041] The aforesaid TFT includes the active layer made of semiconductor and 
a gate electrode which is directly or indirectly formed above or below the active 
layer so as to occupy at least a part of it. The active layer has a channel region 
located below or above the gate electrode layer, and a source region and a drain 
region which are located on the both side portions in the channel region. 
[0042] Let an angle made by two imaginary Hnes Lm and Lg be a (referred to 
as "angle regarding the transistor direction" hereinafter), the former Lm 
connecting the middle position of the width of the junction face of the channel 
region and the source region with the middle position of the width of the junction 
face of the channel region and the drain region and the latter Lg extending in the 
direction that the grain boundary extends. Besides, let an opening angle defined 
by the width of the junction face of the channel region and the source region and 
the width of the junction face of the channel region and the drain region be 6. 
When the active layer includes one or more grain boundaries, by locating the 
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active layer such that the difiference between a and 6 is 20 degrees or more, the 
electrical property of the TFT becomes good and unevenness in the electrical 
property becomes well. 

[0043] Besides, if an N-type TFT formed in the first sectorial active layer and 
a P-type TFT formed in the second sectorial active layer are point-symmetrically 
arranged within a one grain such that they relatively face to each other, the 
electrical properties of those TFT s become equal to each other, and as described 
later, it becomes possible to obtain a complementary type circuit apparatus with 
complementarity as expected at the stage of designing it. 
[0044] Embodiment 1 

Fig. 1 (a) is a plan view showing the schematic constitution of a TFT 
according to the embodiment 1, Fig. 1(b) is a sectional view of Fig. 1(a), Fig. 1(c) is 
a plan view showing the schematic constitution of another TFT according to the 
embodiment 1, and Fig. 1(d) is a sectional view of Fig. (c). 

[0045] In Fig. 1, 10 denotes a TFT, 11 an active layer made of one conductive 
type semiconductor, for example, an n-type silicon (Si) having an approximately 
trapezoid plane shape, 12 a source region formed by doping the semiconductor 
layer 11 with high concentrated impurities, 13 a drain region formed by doping 
the semiconductor layer 11 with high concentrated impurities, 14 a gate electrode 
provided above a channel region 16 located between the source region 12 and the 
drain region 13, and 15 a gate insulating film. 

[0046] Also, in Fig. 1, 17 denotes the direction where the source region 12 and 
the drain region 13 are formed (referred to as "source -drain direction 17"). Ws 
denotes the width of the junction face between the channel region 16 and the 
source region 12. In other words, Ws indicates the width of the source region 12 
in the vicinity of the end portion of the gate electrode 14 (including the width in 
the same direction). Wd denotes the width of the junction face between the 
channel region 16 and the drain region 13. In other words, Wa indicates the 
width of the drain region 13 in the vicinity of the end portion of the gate electrode 
14. The source-drain direction 17 indicates the flowing direction of carriers fi-om 
the source region 12 to the drain region 13 (i.e. channel direction). 
[0047] In the embodiment 1, in the TFT including the source region 12 and 
the drain region 13 which are in the active layer 11 made of semiconductor and 
the gate electrode 14 formed above or below the channel region 16 located between 
the source region 12 and the drain region 13, the width Ws of the junction face 
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between the channel region 16 and the source region 12 in the vicinity of the end 
portion of the gate electrode 14 is different from the width Wd of the junction face 
between the channel region 16 and the drain region 13 in the vicinity of the end 
portion of the gate electrode 14. 

[0048] That is, Ws > Wd (in Figs. 1(a) and Kb)) while Ws < Wd (in Figs 1(c) and 
1(d)). 

[0049] The active layer 11 has an approximately trapezoid or approximately 

sector plane shape. These approximately trapezoid and approximately sector 

shapes include a shape satisfying the relation of Ws > Wd or Ws < Wd. 

[0050] In case of providing the gate electrode 14 below the active layer 11, the 

same explanation as made above will be applicable to it except that the gate 

electrode 14 is formed below the active layer 11 with the gate insulating film 

interposed therebetween, thus omitting an illustrations related thereto. 

[0051] In Fig. 4, there are shown a schematic shape of the trapezoidal active 

layer 11 according to the embodiment 1 and a schematic plan view showing the 

opening angle 9 of the trapezoidal shape. 

[0052] In the embodiment 1, as shown in Fig. 4, the trapezoidal or sectorial 
active layer 11 has the opening angle 9 of 20 degrees or more. As has been 
already explained referring to Figs. 2 and 3, the more directions other than the 
direction the center axis A are included, the smaller the unevenness in the field 
effect mobiUty becomes. Accordingly, when the opening angle 9 of the aforesaid 
trapezoidal shape is 20 degrees or more, the unevenness of the aforesaid 
field-effect mobility is in the range of approximately 5% or less, thus the 
unevenness in the electrical properties of TFTs becoming small. The same thing 
can be said with regard to the sectorial active layer. 

[0053] Figs. 5(a) through 5(d) are schematic plan views showing grain 
boundaries 21 in respective trapezoidal active layers 11. 

[0054] Figs. 5(a) and 5(b) show grain boundaries 21 in the trapezoidal active 
layers 11 according to the embodiment 1. For comparison, Figs. 5(c) and 5(d) 
show grain boundaries 21 in the active layers 11 according to the prior art. 
[0055] In the embodiment 1, as shown in Figs. 5(a) and 5(b), the active layer 
11 is arranged such that the source-drain direction 17 of the relevant active layer 
11 approximately coincides with the direction of grain boundaries in the relevant 
active layer 11. 

[0056] In the embodiment 1, as shown in Figs. 5(a) and 5(b), the boundaries 
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21 exist in the direction approximately parallel to the source-drain direction 17, 
that is, the moving direction of electron and hole as carrier of the electric charge. 
Consequently, as any potential barrier caused by the grain boundaries 21 can not 
exist in the carrier moving direction, the electrical property of the TFT becomes 
good. Contrary to this, as shown in Figs. 5(c) and 5(d), when the grain 
boxmdaries 21 exist so as to intersect the source-drain direction 17, the electric 
current amount is influenced by the number of potential barriers caused by the 
grain boundaries 21, thereby the electrical property of the TFT becomes not good. 
[0057] Fig. 6(a) is a schematic plan view showing a circular semiconductor 
film 1 including grain boundaries 21 which radially extend and Fig. 6(b) is a 
schematic plan view showing an example of arrangement of the active layers 11a 
through lie in the circular semiconductor film 1. 

[0058] 22 indicates the direction of electric current flowing in each of the 
active layers 11a through lie. 

[0059] In the_ embodiment 1, the active layer constituting a main portion of 
the TFT is formed by using a part of a circular semiconductor film including grain 
boundaries which radially extend, for example, a part of the circular 
semiconductor 1 as shown in Figs. 6(a) and 6(b). As shown Fig. 6(b), active layers 
11a, lib, 11c are located in such a position that the source-drain direction 17 of 
the active layer (i.e. the electric current flowing direction 22) approximately 
coincides with the aforesaid radial direction. 

[0060] As the result of this, the grain boundary 21 exists along the 
source-drain direction 17, that is, the moving direction of electron or hole as a 
carrier of electric charge, thus the electrical property of the TFT becoming good. 
On the contrary, as active layers lid, lie as shown in Fig. 6(b) are not active 
layers according to the embodiment 1, there exists the grain boundary 21 going 
across the source-drain direction 17 (i.e. the electric current flowing direction 22), 
thus the aforesaid electrical property is not good. 

[0061] Fig. 7 is a schematic plan view showing TFTs according to the 
embodiment 1. 

[0062] In Fig. 7, 32 denotes a source electrode, 33 a drain electrode, 42 a 
contact hole for electrically connecting the source electrode 32 with a source 
region 12, and 43 a contact hole for electrically connecting the drain electrode 33 
with a drain region 13. A lot of contact holes 42 and 43 are arranged in the 
source region 12 and the drain region 13 in the respective width directions of them 
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such that the electric current flows along the grain boundary 21 with uniform 
electric current density. 

[0063] In the TFT 10 as shown in Fig. 7, the width of the source region 12 in 
the vicinity of the end portion of the gate electrode 14 is larger than the width of 
the drain region 13 in the vicinity of the end portion of the gate electrode 14. The 
active layer 11 has an approximately trapezoid plane shape. Although not shown, 
the width of the drain region 13 in the vicinity of the end portion of the gate 
electrode 14 may be made larger than the width of the source region 12 in the 
vicinity of the end portion of the gate electrode 14. 
[0064] < Manufacturing Process > 

Figs. 8(a) through Fig, 10(r) are schematic sectional views showing the 
process of manufacturing the TFT according to the embodiment 1. 
[0065] First of all, as shown in Fig. 8(a), a base oxide film (Si02 film) 52 with a 
thickness of 800 nm is formed on a glass substrate 51 for manufacturing a liquid 
crystal display by means of the plasma CVD method under the condition of the 
substrate temperature of 500*^C and the deposition time of 40 minutes. 
[0066] In the next, as shown in Fig. 8(b), an a-Si (amorphous silicon) film 53 
with a thickness of 100 nm for use in active layer formation is formed by mean of 
the LP (low pressure)- CVD under the condition of the substrate temperature of 
450''C and the deposition time of 70 minutes, during providing Si2H6 gas under 
the condition of the flow speed of 150 cccm and the gas pressure of 8 Pa. Then, 
doping with boron 54 as a dopant by means of the ion shower doping method is 
carried out. 

[0067] Next, as shown in Fig. 8(c), irradiating by KrF (krypton fluoride) 
excimer laser light 55 with the intensity of 350 mJ-cm*2 is carried out. With 
irradiation by the laser light having a coaxial circular sectional shape and the 
intensity made weak at center portion but made strong in peripheral portion, 
there is obtained a circular polycrystalline siUcon film 56 (Fig. 8(d)) made up of 
grains having a large grain size. 

[0068] Next, as shown in Fig. 8(d), a protection oxide film (Si02 film) 57 with a 
thickness of 10 nm is formed by means of the LP-CVD method under the condition 
of the substrate temperature of 500*^0 and the deposition time of 10 minutes. 
[0069] Next, as shown in Fig. 8(e), a patterned resist film 58 is formed by 
applying a resist material, and then carrying out exposure and development of the 
resist material. 
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[0070] Next, as shown in Fig. 8(0, the protection oxide film 57 and the 
polycrystalline siUcon fihn 56 are processed by means of the dry etching method 
using BCI3 + CH4 gas, using the resist film 58 as a mask. In this process, the 
protection oxide film 57 and the polycrystalline silicon film 56 are processed in the 
trapezoidal shape (plane shape of the active layer 11) as shown in Figs. l(a), 1(c), 
or in the sectorial shape (plane shape of the active layer 11) as shown in Fig. 7. 
[0071] Next, as shown in Fig. 8(0, the resist film 58 is removed as shown in 
Fig. 8(g). 

[0072] Next, as shown in Fig. 9(h), a gate oxide film (Si02 film) 59 having a 
film thickness of 100 nm by mean of the LP-CVD under the condition of the 
substrate temperattire of 500°C and the deposition time of 60 minutes, 
[0073] Next, as shown in Fig. 9(i), a Mo (molybdenum) film 60 having a film 
thickness of 100 nm for formation of a gate electrode is formed by means of the 
sputtering method under the condition of the substrate temperature of 100°C and 
the deposition time of 10 minutes. 

[0074] Next, as shown in Fig. 9(j), a patterned resist film 61 is formed by 
applying a resist material, and then carrying out exposure and development of the 
resist material. 

[0075] Next, as shown in Fig. 9(k), the Mo film 60 is processed by means of the 
dry etching method using BCI3 + CH4 gas, using the resist film 61 as a mask, 
thereby the gate electrode 62 being formed. 

[0076] Next, the resist film 61 as shown in Fig. 9(k) is removed as shown in 
Fig. 10(1). 

[0077] Next, as shown in Fig. 9(m), a passivation film (Si02 film) 63 having a 
thickness of 200 nm is formed by the plasma CVD under the condition of the 
substrate temperature of 500''C and the deposition time of 20 minutes. 
[0078] Next, as shown in Fig. 9(n), a patterned resist film 64 is formed by 
applying a resist material, and then carrying out exposure and development of the 
resist material. 

[0079] Next, as shown in Fig. 9(o), contact holes 65 are formed by means of the 
dry etching method using CHF3 + O2 gas, using the resist film 64 as a mask. 
[0080] Next, the resist film 64 as shown in Fig. 9(o) is removed as shown in 
Fig. 10(p). 

[0081] Next, as shown in Fig. 10(q), after carrying out the ion doping with 
phosphoric 66 for forming the source region and the drain region, anneaUng for 
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dopant activation is carried out for 3 hours in the nitrogen atmosphere of 500°C, 
thereby forming the source region 67 and the drain region 68. 69 denotes a 
channel region located between the source region 67 and the drain region 68. 
[0082] Next, as shown in Fig. 10(r), an Al (aluminum) film 70 having a 
thickness of 100 nm for use in electrode formation is formed by means of the 
sputtering method under the condition of the substrate temperature of 100°C and 
the deposition time of 10 minutes. 

[0083] Next, as shown in Fig. 10(s), a patterned resist film 71 is formed by 
applying a resist material, and then carrying out exposure and development of the 
resist material. 

[0084] Next, as shown in Fig. 10(t), the Al film 70 is processed by means of the 
dry etching method using BCI3 CH4 gas, using the resist film 70 as a mask, 
thereby a source electrode 72, a drain electrode 73, and a gate electrode (a take-up 
electrode from the gate electrode 62) 74 being formed. 

[0085] Finally, the resist film 71 as shown in Fig. 10(t) is removed as shown in 
Fig. 10(u). With this, the TFT 10 is manufactured. 
[0086] Embodiment 2 

Fig. 11(a) is a plan view showing a complementary type circuit apparatus 
(referred to as "CMOS apparatus herein after)" and Fig. 11(b) is a circuit diagram 
thereof. 

[0087] In these figures, 80 denotes a complementary type circuit apparatus, 
81 a P-type TFT, 82 an N-type TFT, 91 a soxirce electrode connected with the 
source region 83 of the P-type TFT 81, 92 an input electrode connected with the 
gate electrodes 84 of the P-type TFT 81 as well as with the gate electrode 85 of the 
N-type TFT 82, 93 an output electrode connected with the drain region 86 of the 
P-type TFT 81 as well as with the drain region 87 of the N-type TFT 82, and 94 a 
source electrode connected with the source region 88 of the N-type TFT 82. 
[0088] A lot of contact holes 95, 98, 96, 97 are arranged respectively in the 
source regions 83, 88 and the drain regions 86, 87 in the respective width 
directions of them such that the electric current flows along the grain boundary 21 
with uniform electric current density. 

[0089] In the P-type TFT 81 of the complementary type circuit apparatus 80 
as shown in Fig. 11(a), the width of the source region 83 in the vicinity of the end 
portion of the gate electrode 84 is larger than the width of the drain region 86 in 
the vicinity of the end portion of the gate electrode 84. An active layer 89 has am 
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approximately sector plane shape. In the N-type TFT 82 of the complementary 
type circuit apparatus 80, the width of the source region 88 in the vicinity of the 
end portion of the gate electrode 85 is larger than the width of the drain region 87 
in the vicinity of the end portion of the gate electrode 85. An active layer 90 has 
an approximately sector plane shape. 

[0090] That is, in the embodiment 2, the N-type TFT 82 and the P-type TFT 

81 respectively having an approximately sector plane shape are formed on a 
circular semiconductor film 1 composed of one grain such that they are 
point-symmetrically located at respective points facing to each other, thereby 
constituting the complementary type circuit apparatus. 

[0091] In the embodiment 2, as the semiconductor film 1 is composed of one 
grain, it becomes possible to obtain the complementary type circuit apparatus 80 
having more excellent complementarity comparing with the prior art.. 
[0092] < Manufacturing Process > 

Figs. 12(a) and 12 (b) are schematic sectional views showing the 
manufacturing process of the complementary type circuit apparatus according to 
the embodiment 2 of the invention. 

[0093] In the embodiment 2, the ion doping process as shown in Fig. 10(q) in 
the manufacturing process of the embodiment 1, after masking a TFT 81 to be 
made P-type with the resist film 76 for preventing it from being doped, only a TFT 

82 to be made N-type is doped with, for example, phosphor 66 Then, reversely, 
after masking a TFT 82 to be made the N-type with the resist film 77 for 
preventing it from being doped, only a TFT 81 to be made P-tj^e is doped with, for 
example, boron 78. 

[0094] After the above doping process, annealing for dopant activation is 
carried out for 3 hours in the nitrogen atmosphere of SOO^'C. 
[0095] Embodiment 3 

In the manufacturing process shown in Fig. 8(c) in the aforesaid 
embodiment 1, as regards irradiating the a-Si film 53 by KrF excimer laser light 
55 as shown in Fig. 8(c) to obtain a polycrystalline silicon film 56 (Fig. 8(d)), with 
irradiation by the laser light having a coaxial circular sectional shape and the 
intensity made weak at center portion but made strong in peripheral portion, 
there is obtained a circular- shape polycrystalline silicon film 56 (Fig. 8(d)) made 
up of large grains. This polycrystalline silicon film 56 corresponds to the circular 
semiconductor film 1 as shown in Fig. 2, Figs. 6(a), 6(b), and Fig. 7. 
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[0096] Fig. 13(a) is a schematic perspective view indicating another 
irradiation method by KrF excimer laser 55, and Fig. 13(b) is a schematic plan 
view showing the grain resulting from the above irradiation method. 
[0097] As shown in Fig. 13(a), the irradiation is carried out by KrF excimer 
laser light 55 with the intensity of 350 mJ xjm-2. By adjusting the laser hght 
intensity to become weak on a center line 75 but to become stronger in the 
direction toward the outside, there is obtained, as shown in Fig. 13(b), the 
polycrystalUne sihcon film having large grains 31 extending from a center line 75 
in the direction at right angles thereto. In the semiconductor film having long 
and slender grains 31, the grain boundaries 21 extend in parallel with each other. 
[0098] Fig. 14 (a) is a schematic plan view showing long and slender grains 31 
as shown in Fig. 13 (b), in which grain boundaries 21 extend in parallel with each 
other. Fig. 14(b) is a schematic plan view showing several examples of 
arrangement of the active layer 11 in long and slender grains 31. 
[0099] In the figure, the more upward the active layer 11 is located, the better 
the electrical property of the TFT including this active layer becomes. On the 
contrary, in the figure, the more downward the active layer 11 is located, the 
worse the above-mentioned electrical property becomes. 

[0100] That is, in the embodiment 1, the active layer constituting the main 
portion of the TFT is a layer made of semiconductor in which grain boundaries 
extend in parallel to each other. Grains are, for example, long and slender grains 
31 as shown in Figs. 14(a) and 14(b). Active layers llg, llh. Hi, 11m have an 
approximately trapezoid plane shape. For comparison, it is shown that active 
layers llf, llj. Ilk, 111 have a rectangular plane shape. 

[0101] The source-drain direction (i.e., electric current flowing direction) of 
active layers llf, llg, llh, Hi is arranged along the aforesaid parallel direction. 
With this, as the grain boundary 21 exists along the source-drain direction 17, 
that is, the moving direction of electron or hole as a carrier of electric charge, the 
electrical property of the TFT becomes good. 

[0102] As compared with this, active layers llj, Ilk, 111, 11m as shown in Fig. 
14(b) include the grain boundary 21 going across the source-drain direction at a 
high rate, the electrical property becomes not good. 

[0103] When the aforesaid active layer includes one or more grain boundaries, 
if the active layer is arranged such that the difference between the following two 
angles becomes 20 degrees or more, one of two angles being an angle (referred to 
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as "angle regarding the transistor direction" hereinafter) made by one imaginary 
line connecting the middle position of the width of the junction face between the 
channel region and source region with the middle position of the width of the 
junction face between the channel region and the drain region and the other 
imaginary line extending in the extending direction of the grain boundary, and the 
other being an opening angle defined by the width of the junction face between the 
channel region and the source region and the width of the junction face between 
the channel region and the drain region, the electrical property of the TFT 
becomes good and unevenness in the electrical property becomes small. 
[0104] Accordingly, a high performance liquid crystal display can be realized 
by using the TFT as described above as a switching device for each pixel in the 
liquid crystal display, or as a component device of a peripheral circuits apparatus. 
[0105] While some embodiments of the invention have been shown and 
described in the above with reference to the accompanying drawings, the 
invention is not limited to those embodiments. Various changes and 
modifications will be naturally possible without departing from the gist of the 
invention. 
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